Aim: To examine whether alcohol exposure in pregnancy affects weight and head circumference (HC) at birth and 5 years, and whether these effects are independent of cigarette exposure in pregnancy and social disadvantage.
Introduction
Growth restriction is part of the pattern of abnormalities that occur in children with fetal alcohol syndrome (FAS) [1] . Because of variation in patterns of growth in different organs during fetal development, timing of alcohol exposure is thought to influence type of fetal growth restriction. In early pregnancy, when neuronal multiplication and organ formation are occurring, the effects of alcohol may result in craniofacial anomalies, organ malformations, microcephaly, or a normal-sized brain with decreased cells. Fetal damage occurs as a result of either decreased cellular proliferation or cell death [2] . Alcohol exposure later in pregnancy may affect pre-and post-natal growth [2] [3] [4] [5] , with the effect occurring principally by inhibiting the uptake of nutrients, thereby causing malnutrition [4] [5] [6] [7] . Further, the effects of alcohol may be increased by social factors, as well as maternal smoking, where there is evidence that tobacco reduces fetal oxygenation as well as the levels of certain nutrients [8] .
Most studies of the effects of maternal alcohol consumption on offspring growth have focused on effects at birth. These studies have reported deficits in weight [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] , length [10] [11] [12] [13] 19, 20, 22] , and head circumference (HC) [10, 11, 15, 19, 20, [22] [23] [24] [25] . Several others have measured children at later ages and also found effects on various growth parameters [26] [27] [28] [29] [30] .
In contrast, a number of studies have found no deleterious effects on one or more of these growth parameters at birth [9, 12, 24, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] , at 12 months [12, 41] , 24 months [12] , and at 4, 7, and 14 years [42] . The different findings between studies reflect a number of factors such as the duration and amount of alcohol use among different samples with findings for moderate levels of alcohol exposure being more inconsistent. Definitions of moderate drinking vary, however, with most studies considering this to be in the range of less than one drink to less than two drinks per day. In the current research, half to less than one drink per day is considered to be moderate drinking, and less than half a drink per day is considered to be light drinking. Other factors include failure to control for variables that may potentially confound the association between alcohol use and pregnancy outcomes (e.g. cigarette smoking-a factor that may have a synergistic effect with alcohol) [43] , and differences in the characteristics of the samples investigated (e.g. low versus high SES). Day [44] notes that studies that have found continued growth deficits in prenatally exposed children are of lower income cohorts, whereas those that have not had this result generally used samples of higher socioeconomic status.
The Mater-University Study of Pregnancy (MUSP) is a prospective longitudinal study of social, psychological, and obstetric factors in pregnancy. The current study investigates outcomes relating to weight and HC from this Australian cohort who have been assessed at birth and at 5 years. Maternal alcohol consumption measures included the quantity and frequency of consumption measured at various stages of pregnancy, as well as the pattern of consumption as reflected in a measure of binge drinking. The aims of this study were to examine whether alcohol exposure in pregnancy, including binge drinking in early pregnancy, affects growth in weight and HC at birth and 5 years, and whether these effects, if present, are independent of cigarette exposure in pregnancy and social disadvantage. Specific study hypotheses were that binge drinking in early pregnancy would lead to adverse and long-term effects on head growth, and that concomitant cigarette and alcohol exposure in early pregnancy would have a synergistic effect on restricted head growth.
Methods
The Mater-University Study of Pregnancy initially involved 8556 women enrolled between 1981 and 1984 at their first antenatal visit to the Mater Misericordiae Mothers' Hospital, Brisbane. Details of the cohort [45] and of those lost to follow-up [46, 47] have been described previously. Mothers lost to followup were likely to be younger, single, less well educated, socially more disadvantaged, and their children more premature and of lower birth weight. A total of 7617 singleton infants were born at the hospital, and of these, 6320 also had HC measured at birth. Birth weight and head circumference were measured in the delivery suite or triage nursery following Caesarian section delivery. Head circumference was measured by a paper tape. When the measurement was recorded in the MUSP database, however, all values within each centimetre interval were recorded as the midpoint of that interval (e.g. values between 34.0 and 34.9 cm were recorded as 34.5 cm). At 5 years, exact HC and weight measures were taken on 4076 children with 4038 of these children having complete information on maternal alcohol consumption. Length was not included as it was less consistently measured at birth. No other physical measures were taken at the 5-year assessment. The z scores adjusting for age and gender were calculated for weight and HC at birth and 5 years using the British Growth Data included in a detailed health and psychosocial questionnaire completed by mothers [48] . Based on these z scores, the children were classified into three groups ( < 3rd, 3rd to < 10th, and ≥ 10th percentile within the study population) for each of these weight and HC measures.
The frequency of alcohol consumption in early pregnancy was measured at the first pregnancy visit (mean 19.8 F 6.0 weeks) with the following question: "How often do you drink alcohol since becoming pregnant?" Responses consisted of daily, a few times a week, a few times a month, a few times a year, rarely, and never. Consumption in late pregnancy was assessed using a similar questionnaire and asking mothers, shortly after delivery: "In the last three months of your pregnancy, how often did you drink alcohol?" Responses consisted of daily, a few times a week, a few times a month, and not at all. To assess the quantity of consumption, respondents were asked on both occasions, "How much alcohol do you usually drink at those times?" Responses consisted of seven or more glasses, five or six glasses, three or four glasses, one or two glasses, less than one glass, and never drink.
Each consumption frequency was given a loading: daily = 365; a few times/week = 156; a few times/month = 36; a few times/year = 5; rarely = 2; and never = 0. Loadings were then assigned to each quantity using a similar format to previous research [49] : seven or more glasses = 8; five or six glasses = 5.5; three or four glasses = 3.5; one or two glasses = 1.5; less than one glass = 0.5; and never drank = 0. To calculate the average number of glasses per day, the frequency was multiplied by the quantity and then divided by 365. The average number of glasses per day was then multiplied by 0.5 to obtain the daily average ounces of absolute alcohol (AA; since 0.5 oz AA = 1 glass). The four final alcohol consumption categories used in further analyses were as follows (oz AA/day): 0; 0.01-0.249; 0.25-0.499; and 0.5 or more, being equivalent to nil, < 1/2 glass, 1/2-< 1 glass, and > 1 glass/day. Binge drinking was measured only at the first pregnancy visit by the question, "When you drink alcohol what part of the time do you have at least 5 glasses?" Responses were coded as nearly half the time or more, less than half the time, and never.
Cigarette use was measured as the number and frequency recorded at the first hospital visit and coded as nil, 1-10/day, 11-20/day, and >20/day. A social risk score was computed from the following information which was provided at the first visit: maternal age ( < 20 years = 1); maternal education (incomplete high school = 1); and family income ( < $10399/year = 1). Family income at this level included the lower third of the cohort. The total social risk score consisted of the sum of the three measures and ranged from 0 to 3. Scores of 2 or 3 were combined into one high-risk category due to smaller numbers in these groups.
Statistical analysis
The relationship between maternal drinking during early and late pregnancy and HC and weight at birth and at 5 years of age was examined. Statistical significance was assessed by the chi-squared test, as well as several one-way between-groups analyses of variance. Analyses were performed using SPSS v. 10. Potential confounding factors were examined using multiple linear and logistic regression. Possible effect modification of cigarette exposure on alcohol-mediated effects was examined using the approach of Kahn and Sempos [50] . A two-tailed p value of < 0.05 was taken to indicate statistical significance.
Results
About 50% (early pregnancy) and 36% (late pregnancy) of the women in the current study reported that they drank alcohol during their pregnancy. The average consumption of drinkers was 0.146 oz AA/day (between 1/3 and 1/4 glass/day or 2 glasses/week) in early pregnancy and 0.074 oz AA/day (about 1/7 glass/day or 1 glass/week) in late pregnancy. Binge drinking in early pregnancy was reported by 20% of the women on at least one occasion.
Examination of loss to follow-up from first pregnancy visit (n = 8556) to those with a HC measurement at birth (n = 6320) showed that groups were similar in patterns of alcohol consumption, maternal age, and maternal education. There was, however, a differential loss to follow-up of those with lower income (p = 0.01). At birth, those with a HC measure were generally similar to babies without a HC measure (apart from alcohol in late pregnancy), while at 5 years, mothers lost to follow-up were younger, less well educated, poorer, and consumed more alcohol ( Table 1 ). The magnitude of these differences, however, was generally small.
The relationship between level of alcohol exposure in pregnancy and HC and weight at birth and at 5 years is shown in Table 2 . Both measures of alcohol exposure in early pregnancy were unrelated to HC at birth or 5 years. Similar nonsignificant differences were also found when mean z HC scores were compared for different levels of alcohol exposure. For alcohol in late pregnancy, those consuming more than 1 glass/day had a higher prevalence of HC < 3rd percentile ( p = 0.03), though numbers were small and no differences were evident when comparing mean z HC scores across these levels of alcohol consumption. Although statistically significant results were also found for alcohol in late pregnancy and HC at 5 years, those in the highest drinker category were similar to nondrinkers and there was no consistent trend evident in the results across levels of alcohol exposure and no differences evident when mean z HC scores were compared. Table 1 Comparison of those with or without HC measurements at birth, and at 5 years within birth cohort Table 2 Relationship between level of alcohol exposure in pregnancy and percentage of children with restricted growth in HC and weight at birth and 5 years Binge drinking in early pregnancy was associated with restricted birth weight for both categories of binge drinking, and this effect was also evident in the differences in mean z scores for birth weight: no binge-mean z score = 0.21 (0.98), binge occasionally-mean z score = 0.08 (1.0), and binge more than half the time-mean z score = 0.002 (0.9), df=(2, 7577), F = 14.0, p < 0.001. No effect was evident at 5 years on this or other measures of alcohol exposure.
The relationship between binge drinking and cigarette use in early pregnancy and HC and birth weight is shown in Table 3 . There was no evidence of effect measure modification, with cigarette exposure and not binge drinking adversely affecting HC and birth weight. This supports the findings in the univariate analyses.
To further explore the relationship of binge drinking to birth weight present in the univariate analysis, and its independence from level of cigarette exposure in early pregnancy and level of social risk, a multiple linear regression was performed. Social risk was related to birth HC and birth weight, and to HC at 5 years but not to weight at 5 years. The regression was performed with z score for birth weight as the dependent variable and binge drinking (nil versus any binge drinking) included as a predictor variable. The addition of cigarette smoking (included as three dummy variables for levels of smoking compared to not smoking) but not social risk (included as two dummy variables with low risk as the reference category) leads to the relationship between binge drinking and birth weight becoming of small magnitude and no longer being statistically significant (B = -0.142, p < 0.001 to B = -0.02, p = 0.4). Similar conclusions resulted from a logistic model with birth weight < 10th percentile as the dependent variable (odds ratio 1.34, 95% CI: (1.28, 1.6) to odds ratio of 1.0 with inclusion of cigarette smoking). The apparent relationship between binge drinking and birth weight was due to confounding by level of cigarette smoking. Both level of smoking and social risk were, however, independent predictors of birth weight. Though the relationship between level of drinking in late pregnancy and HC at birth and 5 years was statistically significant, the inconsistency of the effect and its restriction to a small number of individuals in the highest exposure category limited further analysis. Table 3 Relationship between binge drinking and cigarette categories in early pregnancy and percentage of children with restricted growth in HC and birth weight
Discussion
Our aims were to examine whether alcohol exposure in pregnancy, including binge drinking in early pregnancy, affects growth in weight and HC at birth and 5 years, and whether these effects are independent of cigarette exposure in pregnancy and social disadvantage. We found that alcohol consumption up to moderate levels had no independent effects on weight or HC at birth, and there was no evidence of longer-term effects at 5 years. There was an apparent effect of binge drinking on birth weight, but this was due to confounding by cigarette use. Cigarette exposure, not binge drinking, adversely affected HC and birth weight. Univariate analyses of the relationship between alcohol consumption in late pregnancy and HC involved only a small number of cases in the highest level of alcohol consumption, and no differences were evident in the mean z HC scores.
The lack of adverse outcomes due to consumption up to moderate levels is consistent with several previous studies of effects on either weight or HC in children ranging from birth to 24 months [9, 12, 24, [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] . One study that measured children at birth and then again at 6 years also found no effects associated with measures of actual alcohol consumption, although reduced HC and length were associated with a measure of indications of problem drinking [24, 51] . Of particular interest is a study that investigated a group who would be considered to be at high risk of adverse outcomes since it involved disadvantaged mothers with a history of alcohol abuse [31] . Although detrimental effects on weight, length, and HC appeared to be due to alcohol consumption, they were no longer significant once covariates such as maternal smoking and race were taken into account.
The results are also partially consistent with several studies of non-disadvantaged samples that, although finding small effects of maternal alcohol consumption on various size parameters at birth, found no conclusive evidence of effects at later ages [12, 13, 42] . Each of these studies involved cohorts with substantially higher consumption rates than those in the MUSP cohort. In contrast to the findings of the present study, a number of other studies have reported deficits in weight [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] and HC [10, 11, 15, 19, 20, [22] [23] [24] [25] 52, 53] at birth. Again, however, many of these studies found effects at substantially heavier levels of consumption than those reported in the MUSP cohort. Longitudinal research conducted as part of the Maternal Health Practices and Child Development Study (MHPCD) [11, [27] [28] [29] [54] [55] [56] , for example, has reported a relationship between maternal alcohol consumption and reduced weight, height, and HC at various ages up to 10 years. This research selectively over-sampled heavier drinkers and involved women of low socioeconomic status. Another longitudinal study of disadvantaged women found reduced HC and length at birth [20] and reduced HC in a subset of this sample who were followed up at 5 years [26] . Of concern with the 5-year follow-up study [26] , however, is that cigarette use, maternal education, and other lifestyle factors were not controlled for so it is difficult to reach firm conclusions regarding the influence of alcohol alone. Another study [30] of disadvantaged mothers found deficits in weight and length among 6.5-month-old children of mainly older mothers who were very heavy drinkers, consuming an average of 4 or more drinks per day across pregnancy. At 13 months, deficits in length were found only among children of mothers over 30 years of age. Interestingly, Jacobson et al. [30] found that alcohol and smoking did not affect birth size synergistically, and their effects were seen primarily in infants of women more than 30 years of age.
The importance of social disadvantage and maternal smoking is also highlighted by the present findings. Those who were less than 20 years of age, with incomplete high school education, and in the lower third of the cohort in terms of income were more likely to have children with restricted weight and HC at birth, and smaller HC at 5 years. This is consistent with Day et al.'s [29, 44] conclusion that growth deficits that persist into childhood tend to be reported in lower SES cohorts.
Previous research has highlighted the detrimental effects of prenatal exposure to nicotine on infant development [47, 57] . Further, Haste et al. [34] found that in non-smokers, alcohol consumption had no growth-reducing effect on any birth measurements (length, HC, upper arm circumference, and ponderal index), while in smokers, it appeared to enhance the negative effect of smoking for all measures except HC. The effect of moderate alcohol consumption seemed to be an interactive one since it had no effect on its own. Wright et al. [58] found a significantly increased risk of low birth weight children among mothers drinking more than 10 drinks/week who smoked and were of lower SES. Brooke et al. [9] also found that alcohol had an adverse effect on birth weight only in children of smokers.
Overall, the current findings highlight the predominant influence of factors such as social disadvantage and maternal smoking in producing growth deficits in children, and a lack of effects due to moderate alcohol ingestion. As the seriousness of each risk factor increases, so too does the potential for reduced infant size. As suggested in previous research [31] , there may be a threshold effect in relation to alcohol. If consumption exceeds the threshold, then effects may be exhibited, and if a low SES sample is involved, then effects may persist into childhood. Sampson et al. [42] note that some differences between studies may also be due to different analytical strategies.
A strength of the current findings is that they are based on patterns of alcohol consumption among a large sample of the general population, and social differences and cigarette use linked to maternal drinking and child growth outcomes were taken into account when examining effects. Consumption was based on a range of quantity and frequency measures, as well as the frequency of binge drinking. Further, the systematic investigation of a range of potentially confounding factors allowed for competing causes of adverse outcomes to be addressed.
Though the results of this study suggest that moderate levels of alcohol ingestion in pregnancy do not restrict either weight or HC at birth or 5 years, these findings need to be treated cautiously because of a number of study limitations. Firstly, these limitations to inference may arise from the use of self-reports of alcohol consumption and associated threats to the reliability of such reports. Many studies attest to the accuracy of such reports [59] [60] [61] [62] [63] [64] , although Ernhart et al. [31] investigated this issue among pregnant women and found that higher consumption levels were reported retrospectively in comparison to reports taken during pregnancy. Little et al. [15] , however, found no substantial inaccuracies in pregnant women's self-reported alcohol consumption after verification using physical examinations and blood chemistries.
Variability in the accuracy of self-reports is believed to be due to demand characteristics of the situation such as the extent of confidentiality provided [63] , the kinds of questions asked, and how far back respondents are asked to recall [61] . We suggest that the assurances of confidentiality and the clinical setting in which information was obtained from respondents who were alcohol-free at the time were all factors that were likely to have maximized the reliability of the current data, although the possibility of under-reporting must be acknowledged. Furthermore, at the time when mothers were first interviewed regarding their alcohol consumption, there was not a widespread knowledge in the community about the relationship between alcohol use and negative outcomes in childhood, thus lending further weight to the accuracy of the self-reports.
Measurement of head circumference at birth may be affected by compression and swelling associated with delivery. Imprecision, though not systematic bias, was introduced by the grouping of head circumference measures to the midpoint of each centimetre interval. Because of ranking, the effects of this will be less apparent using categories based on the 3rd and 10th percentiles. While it is possible that a small effect of alcohol on head circumference may be missed, the lack of association or trend between alcohol in early pregnancy (either glasses per day or binge drinking) and head circumference category makes this unlikely to affect study conclusions.
A further potential weakness of this study is the loss to follow-up. At 5 years, those lost to follow-up were younger, less educated, poorer, and consumed more alcohol, although the magnitude of these differences was generally small. The extent to which the relationships reported would also apply to those children not assessed at 5 years is uncertain, though, as loss to follow up is itself associated with measures of disadvantage, these associations may have been stronger had all children been seen. Though this may alter attributable risk estimates, it is unlikely to alter the conclusion regarding the lack of independent effects of moderate alcohol consumption on weight or HC at birth and the lack of evidence for longer-term effects at 5 years. Given the influence of cigarette smoking and social disadvantage, these factors constitute important areas for intervention.
